Abstract Protective polymer coatings have been used to enhance the retention of enzymes in sol-gel films as immobilisation phases in electrochemical biosensors. Carbon film electrodes were electrochemically modified with poly(neutral red) (PNR). These electrodes were coated with oxysilane sol-gels incorporating glucose oxidase and an outer coating of carboxylated PVC (CPVC) or polyurethane (PU), with and without Aliquat-336 or isopropyl myristate (IPM) plasticizer, was applied. The biosensors were characterised electrochemically using cyclic voltammetry and amperometry, electrochemical impedance spectroscopy and scanning electron microscopy. Impedance spectra showed that the electrode surface is most active when the sol-gel-GOx layer is not covered with a membrane. However, membranes without plasticizer extend the lifetime of the biosensor to more than 2 months when PU is used as an outer membrane. The linear range of the biosensors was found to be 0.05-0.50 mM of glucose and the biosensor with PU outer membrane exhibited higher sensitivity (ca.117 nA mM −1 ) in the region of linear response than that with CPVC. The biosensors were applied to glucose measurement in natural samples of commercial orange juice.
Introduction
The sol-gel technique is often used for the encapsulation of bioactive substances, particularly enzymes, in the development of biosensors [1] [2] [3] [4] [5] . Organic-inorganic silanes polymerised by the sol-gel method are attractive materials since they combine, in a single phase, both the properties of the rigid three-dimensional porous silica network and the particular chemical reactivity of the organic components [4] . Some parameters, such as pH, gelation time, transparency and hydrophobicity can be adapted to encapsulate labile protein molecules such as enzymes [1] [2] [3] 5] . Usually the sol-gel is formed from the oxysilane in a two-step reaction: hydrolysis, and condensation, which is responsible for building the SiO 2 matrix within which enzyme molecules can be encapsulated [3] .
Sol-gel enzyme encapsulation has been applied to different electrochemical [3, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and optical [16, 17] biosensors in the last few years. However, instability problems in some electrochemical biosensors have been reported [8, [13] [14] [15] , which could be due to a small amount of enzyme leaching or to its inactivation. In order to solve this problem polymer membranes, particularly polyurethane (PU), were applied as an outer protecting layer [15] .
Polymer membranes have been widely used for protein retention for over two decades [18] [19] [20] . Different nonsol-gel membranes have been used for this purpose, including poly(vinyl chloride) (PVC), different polyacry-lates and polyurethane [19] [20] [21] [22] [23] . For example, membrane constructs can be created with incorporated protein/enzyme molecules by cross-linking using amine functional groups [19, 24] , or a discrete protective layer can be formed over an enzyme layer [25] . The polymers should be chosen according to the conditions under which the sensor would operate, e.g. buffered samples, natural biological samples, in vivo, in vitro, etc. Modified PVC with carboxyl groups, carboxylated PVC (CPVC), has been applied to biosensor preparation by the covalent bonding of alcohol oxidase [26] or urease [27, 28] .
Different electrode materials have been employed for biosensor preparation; however, carbon-based electrodes are most widely used for this purpose. Carbon film electrodes, obtained by coating a ceramic substrate with a thin deposit of pyrolytic carbon [29] [30] [31] , have been successfully utilised. They have been used for developing glucose biosensors without mediators [32] but, in order to improve selectivity, biosensors have been modified with redox mediators, particularly copper [13] or cobalt [33] hexacyanoferrates, methyl viologen [34] and poly(neutral red) [35] .
In previous studies [13, 14] , it was reported that sol-gel enzyme electrodes can lead to unsatisfactorily short lifetimes, partly due to enzyme leaching. Therefore, in this work several polymer membranes, particularly polyurethane and carboxylated poly(vinyl chloride), were applied over the sol-gel-enzyme layer to prevent enzyme leaching. The results of glucose assay in relation to sensitivity, stability and response time in standard solutions obtained at sol-gel-enzyme-polymer membrane biosensors are presented.
Experimental
Chemicals and solutions 3-Glycidoxypropyltrimethoxysilane (GOPMOS), methyltrimethoxysilane (MTMOS) and neutral red (N 8 ,N 8 ,3-trimethylphenazine-2,8-diamine), and Aliquat-336 were obtained from Aldrich (Germany) (structures of these compounds are presented in Table 1 ). Glucose oxidase (GOx) from Asperigillus niger (EC 1.1.3.4) and anhydrous α-D(+)-glucose crystals were from Sigma (Germany). Carboxylated poly (vinyl chloride) and isopropyl myristate (IPM; see structure in Table 1 ) were purchased from Fluka (Switzerland), and polyurethane prepolymer was a kind gift from Baxenden (UK). Tetrahydrofuran (THF) was obtained from Riedel-de Haën (Germany). All products were analytical grade and were used without any further purification.
Electrolyte solution, 0.1 M phosphate buffer saline (PBS), pH 7.0, was prepared from sodium dihydrogenphosphate and disodium hydrogenphosphate (Riedel-de Haën, Germany), to which 0.05 M NaCl was added. Millipore Milli-Q nanopure water (resistivity >18 MΩ cm) was used for the preparation of all solutions. Experiments were performed at room temperature, 25±1°C.
Biosensor preparation
Electrodes were made from carbon film resistors of ca. 2-Ω nominal resistance, as described elsewhere [29] [30] [31] . The exposed electrode geometric area was ca. 0.20 cm 2 . The electrodes were electrochemically pretreated prior to electropolymerisation with neutral red by cycling between −1.0 and +1.0 V vs. saturated calomel electrode (SCE) in deoxygenated 0.1 M KNO 3 solution for not less than ten cycles, until stable cyclic voltammograms were obtained.
Poly(neutral red) (PNR) was polymerised on carbon film electrodes by electropolymerisation from a 1 mM solution of its monomer (neutral red, structure in Table 1 ) in aqueous 0.05 M phosphate buffer, pH 5.5, and 0.1 M KNO 3 solution, by cycling the applied potential from −1.0 to 1.0 V vs. SCE 15 times at a potential sweep rate of 50 mV s −1 . The electrode was then rinsed with deionised water to remove free monomer, after which it was left to dry for 1 day in air at room temperature. Sol-gel solution was prepared by mixing the two oxysilanes with water in optimised ratios [13, 14] : GOPMOS/ MTMOS/H 2 O 130:70:600 μL, respectively. A 2-μL aliquot of 6 M HCl solution was added to the mixture obtained to accelerate hydrolysis of the oxysilanes. The mixture obtained was intensively stirred for a few minutes and then sonicated for 15 min. The solution was then heated in a hot air stream (ca. 70°C) to evaporate the alcohol formed during hydrolysis of the oxysilanes [36] until the mixture lost 40% of its volume. It was then left for 1 h at room temperature to cool down and neutralized to pH 7.0 with 0.1 M NaOH solution. A 50-μL aliquot of this solution was carefully mixed with 15 μL of GOx (10%) solution in 0.1 M PBS solution pH 7.0 and left for 1 h to equilibrate. The PNR-coated carbon film electrode was then immersed in sol-gel-enzyme solution for 5 min, removed and left to form a xerogel at 4°C for 2 days.
Membrane solutions were prepared by dissolving either CPVC or PU in THF by sonication of the polymer-solvent mixture until transparent solutions were obtained. The optimised composition for polymer preparation was 3.5% (w/v) CPVC or 20% PU (v/v). Some plasticizers, 5% (v/v) Aliquat-336 or 1.6% (v/v) IPM, were added to the solutions to improve membrane properties. The mixtures were sonicated once again to obtain homogeneous solutions. Six different membrane solutions were used: (1) 3.5% CPVC, (2) 3.5% CPVC + 5% Aliquat-336, (3) 3.5% CPVC + 1.6% IPM, (4) 20% PU, (5) 20% PU + 5% Aliquat-336 and (6) 20% PU + 1.6% IPM. The electrodes with the formed sol-gel layer (after 2 days) were immersed in one of the membrane solutions for a few seconds and left in air for 30 min for solvent evaporation to leave a thin outer membrane layer.
Prepared biosensor assemblies were stored at 4°C in PBS solution when not in use.
Methods and instruments
Cyclic voltammetry (CV) and amperometric measurements were performed in a three-electrode electrochemical cell containing a sol-gel encapsulated enzyme carbon film working electrode, a platinum foil as counter electrode and a saturated calomel electrode (SCE) as reference. Measurements were performed using a computer-controlled μ-Autolab Type II potentiostat/galvanostat with GPES 4.9 software (Eco Chemie, Netherlands).
Electrochemical impedance spectroscopy (EIS) measurements were carried out in the same electrochemical cell as described above with a PC-controlled Solartron 1250 frequency response analyser coupled to a Solartron 1286 electrochemical interface using ZPlot 2.4 software (Solartron Analytical, UK). The frequency was scanned from 65 kHz to 0.1 Hz with ten points per frequency decade, with a sinusoidal voltage perturbation amplitude of 10 mV, auto-integration time 60 s, with short accuracy mode, at 90% significance level. Fitting to electrical equivalent circuits was performed with ZView 2.4 software (Scribner Associates, USA).
Scanning electron microscopy investigations were performed using a JEOL JSM 6300 scanning electron microscope after the specimens had been plated with gold under vacuum.
Independent analysis of glucose concentrations in commercial samples was done using a spectrophotometric enzyme assay kits (Cat 0 139 106, Boehringer, Mannheim) and analysis at 340 nm using a SPECORD S100 (Analytik Jena GmbH, Jena, Germany) UV-VIS spectrophotometer running Aspect Plus Version 1.5 software.
Results and discussion
Electrochemical and surface characterisation of sol-gel/membrane biosensors In order to follow changes in the electrochemical behaviour of the sol-gel/membrane-based biosensor during its preparation, cyclic voltammograms (CVs) and impedance spectra were recorded after each step of electrode preparation in 0.1 M PBS solution, pH 7.0. The results obtained are presented and described in this section.
The sol-gel was prepared from a GOPMOS and MTMOS mixture, volume ratio 2:1 in water and with the addition of HCl as catalyst (see Experimental). The composition of the outer polymer coating was also optimised via the response to glucose in PBS solution. Table 2 presents results from optimisation of the polymer concentration for the preparation of CPVC and PU membrane coatings without plasticizer. The best concentrations were found to be 3.5 and 20% (w/v) for CPVC and PU, respectively, in THF. These concentrations were used for further biosensor characterisation and application. Membranes made from more concentrated polymer solutions did not allow analyte to pass through to the sol-gel layer sufficiently easily for reaction with the enzyme so amperometric response was attenuated. For too low concentrations of polymer solution the results suggest that uniform membranes were probably not formed, see Table 2 . However, there is a report of the use of a PU membrane applied over the sol-gel layer for glucose microsensors made using a lower polymer concentration, and the sensor response was sufficient; however, here PU was blended with a hydrophilically modified PU in the weight ratio 7:3 [15] .
Cyclic voltammetry
CVs were registered in PBS solution in the potential range from -1.0 to +1.0 V vs. SCE. Neutral red polymerisation has been described in detail in previous work [14, 35] and in the Experimental. The PNR film was left to stabilise for 1 day, and before sol-gel deposition, CVs were registered in 0.1 M PBS pH 7.0 (see Fig. 1 dotted line). The electrochemical behaviour of PNR strongly depends on pH and well-defined polymer peaks are obtained at pH 4-6 [37, 38] . However, the polymer peaks are broader and the peak current is lower at neutral pH, as is seen in Fig. 1 . The monomer oxidation peak, usually present at potentials between +0.8 and +0.9 V vs. SCE, is shifted to a significantly more positive potential and is out of the potential range studied. Cyclic voltammograms were recorded on PNR-modified electrodes, after deposition of the sol-gel layer with encapsulated enzyme and with and without outer coatings (Fig. 1) . As expected, the sol-gel acts as a diffusion membrane for counterions and the Faradaic current corresponding to PNR decreases significantly (Fig. 1, solid  line) . Addition of enzyme hardly changes the electrochemical behaviour of the biosensor, since the enzyme is electrochemically inactive and any co-factor concentration is too small to make changes to the CV of poly(neutral red). All the other CVs with any type of membrane presented in Fig. 1 are with entrapped enzyme. It is interesting that with a superimposed sol-gel layer an oxidation wave again appears at approximately +0.8 V vs. SCE, where there is usually irreversible oxidation of neutral red monomer. This wave is seen with or without enzyme and so does not appear to be caused by the biosensing component itself. The mediated system here is quite distinct from those where the sol-gel-immobilised oxidase generates an indirect response via H 2 O 2 [39] .
After application of an outer protecting membrane of CPVC or PU (Fig. 1, dashed and dash-dot-dash lines, respectively), the PNR peak current again decreases and it is difficult to distinguish the peaks; the oxidation wave at +0.8 V also disappears. These CVs were recorded using overlying membranes from solutions of 3.5% CPVC in THF (w:v) and 20% PU in THF (v:v), optimised with respect to the response signal to glucose (see above).
As an alternative, a second sol-gel layer (without enzyme) was also deposited as an outer membrane coating on top of the first layer with enzyme. In this case, the CV recorded in PBS is rather similar to one with CPVC ( Fig. 1, dash-dot-dot-dash curve). However, PNR redox peaks are still lower than at the biosensor with CPVC and there is a quite well defined oxidation wave at +0.8 V, which suggests that this oxidation wave comes from some electrochemical changes in the sol-gel itself.
Usually plasticizers are used to improve the physical properties of a polymer material [18] [19] [20] ; Aliquat-336 and isopropyl myristate (see structure in Table 1 ) were used as plasticizers in this work to manipulate permeability. The influence of the plasticizers on the voltammetric behaviour of the biosensors is shown in Fig. 2 . In the case of CPVC, plasticizers have a greater influence on the electrochemical behaviour of the biosensor, especially IPM (Fig. 2a, dashdot-dash line) . This probably occurs due to the lower CPVC concentration compared with PU. Addition of 5% Aliquat to the CPVC membrane composition led to higher reduction peak currents in the potential region between −0.6 and −1.0 V, i.e. in the region of PNR reduction, as well as in the monomer oxidation region, from +0.7 to +1.0 V, (Fig. 2a , dashed line) compared with CPVC without any plasticizer. These effects are even more marked when IPM is used as plasticizer; however, oxidation of PNR is also significantly suppressed. This suggests enhanced glucose transport through plasticized membranes, which was certainly expected with the hydrophilic surfactant, thought not with the non-polar IPM. The effect of IPMenhanced transport could have been the result of structural (depth, porosity) changes to the formed membrane. Similar behaviour was observed at the biosensor with a PU outer membrane except that in this case, due to the higher polymer concentration, there was not such a large difference between PU with and without plasticizer (Fig. 2b) .
Electrochemical impedance spectroscopy
Impedance spectra were recorded after each biosensor preparation step in the same way as in cyclic voltammetry,
i.e. after electropolymerisation of neutral red; sol-gel deposition with and without enzyme; and outer membrane deposition. The sol-gel layer without enzyme was deposited to study any influence from the presence of enzyme on the electrode interfacial characteristics. Impedance spectra are presented in Fig. 3 which shows both complex plane and Bode plots. Spectra were recorded at three different potentials: at 0.0 V, where slow protonation of ionogenic groups occurs; at −0.25 V, the chosen operating potential; and at −0.5 V, where the redox process of PNR takes place. Impedance spectra in the complex plane plots at 0.0 V remain similar in form after each step in biosensor preparation-only the magnitude of the impedance varies. The linear nature of the spectra indicates charge separation over the whole frequency region. At −0.25 V, impedance values are lower and spectra curve in the low frequency region due to the oxidation of PNR. At −0.5 V, closer to the formal potential of the PNR redox couple, impedance values again decrease and the shapes of the spectra depend to a greater extent on the exact biosensor assembly in contrast to the other potentials. Uncoated PNR films show a more complex behaviour at this potential compared with coated ones, since, as is seen from Fig. 1 , there are significantly higher PNR redox peaks than at sol-gel-coated PNR mediator films under these conditions. Differences in the shape of the spectra are seen between PNR/sol-gel and PNR/sol-gel-GOx electrodes which suggests that the enzyme changes the sol-gel morphology and structure as was found using AFM in sol-gel morphology studies [40] . Usually sol-gel and polyurethane films are investigated by EIS in the context of corrosion protection, so that spectra are recorded at the open circuit potential [41, 42] . The spectra from the complex plane and Bode plots at solgel-coated metals are rather similar those in this study at −0.25 V vs. SCE in Fig. 3 and depend significantly on the identity of the substrate material (metal or alloy) [41] . Spectra of polyurethane films on stainless steel at +0.1 V vs. SCE are different from those at the biosensor investigated here: there was mass transport control over the whole frequency range [42] . These facts demonstrate that the film structure can depend strongly on the electrode substrate and modifying layers.
In order to describe the processes occurring at the surface of PNR, an equivalent circuit model was used for fitting all spectra, consisting of the cell resistance, R Ω , in series with a parallel combination of a charge-transfer resistance, R ct and a constant phase element, CPE, modelled as a non-ideal capacitance, according to [43] 
where C is capacitance in μF cm −2 s α−1 , ω is the frequency in radians, and α represents surface non-uniformity, being equal to unity if the surface is smooth and uniform. This model was combined in series with a resistance, R f , and another CPE to represent the electrical properties of all the extra film components, when PNR was covered with solgel or sol-gel-enzyme layer and with the outer membrane layer. Table 3 gives the parameters deduced from the first R-CPE couple representing the interfacial processes and corresponding to the fitting of the high frequency part of the spectra. Values of R Ω vary from 11 to 15 Ω cm 2 , except at PNR/sol-gel-GOx/PU, where R Ω was ca. 32 Ω cm 2 . The charge-transfer resistance decreases with increasingly negative potential due to electrochemical reactions of the PNR [34] [35] [36] . An exception is PNR/sol-gel-GOx, demonstrating evidence of an additional reaction which is going on at this electrode as is also easy to identify from the Bode plot (Fig. 3) . The α values vary from 0.7 to 1.0 and depend on the electrode composition: α is closest to 1.0 at the PNR/ sol-gel-GOx electrode which indicates that the surface is almost homogeneous and uniform. Figure 4 presents the SEM images at carbon film electrodes coated in various ways. All electrodes were coated with PNR film and sol-gel layer and some of them had GOx entrapped into the sol-gel layer and an outer polymer membrane without any plasticizer. The sol-gel layer seems to be rather flat and homogeneous (Fig. 4a) as would be expected from a glass-like xerogel layer. Interestingly, after GOx entrapment the sol-gel layer is no longer homogeneous and some clusters are visible at the surface (Fig. 4b) . These clusters are possibly due to enzyme aggregates. Similar changes in the sol-gel layer after enzyme entrapment have been found using AFM [40] . After application of the outer polymer membrane the surface topography is different and depends on the nature of the polymer. When CPVC was used as a protective membrane the electrode surface was rather homogeneous but not perfectly flat, showing onion-ring-shaped structure (Fig. 4c) . The other polymer, PU, formed a much more uniform and flat surface, although a few islands of discrete defects are seen, as highlighted in Fig. 4d . These results agree with those obtained using electrochemical methods and can explain the response and stability of the biosensors prepared with these polymer membranes (see below).
Scanning electron microscopy

Response to the analyte
The biosensors with the outer diffusion membranes were calibrated in standard glucose solutions in 0.1 M PBS, pH 7.0. Calibration data were analysed and the main analytical parameters calculated. The biosensors were also checked for interference from some sugars, organic acids and phenol. Additionally, their lifetime and storage stability over a period of 70 days was examined. The electrodes were stored at +4°C in PBS solution when not in use.
Calibration of the biosensors
Calibration curves were recorded at biosensors without an outer membrane, and at biosensors with CPVC and PU outer diffusion membranes with and without plasticizers (Aliquat-336 and IPM). Application of the diffusion membrane decreased the current response to glucose but it still remained acceptable for glucose measurement, as shown in Fig. 5 , except in cases when Aliquat was used as plasticizer where a marked loss in response was observed during the assay; this is a possible result of enzyme loss induced by the hydrophilic surfactant. When PU was used as a diffusion membrane the sensitivity in the region of the linear range appeared marginally higher than that at uncovered sol-gel. The biosensor without outer membrane had a much higher response at higher glucose concentration, which is probably related to the PNR mediation mechanism as well as some saturation of analyte diffusion through the membranes. When IPM was used as membrane plasticizer, the response to glucose was slightly lower than that without any plasticizer (not shown) and Aliquat suppressed the signal too much (not shown), so it was not used for further investigations. Data calculated from the calibration curves are given in Table 4 . The lowest limit of detection (LOD) was obtained at biosensors with the PU outer membrane but without any plasticizer. This is possibly the result of a thinner barrier layer in the absence of plasticiser. The apparent Michaelis-Menten constant obtained using Lineweaver-Burk linearisation was very similar in almost all cases, Table 4 . Nevertheless, the highest sensitivity, as mentioned above, was found to be at the PNR/sol-gel-GOx/ PU biosensor. Thus, according to the data obtained, the best composition for the biosensor is a carbon film electrode modified with PNR and with enzyme immobilised in a solgel layer and using a 20% (w/v) PU outer membrane.
The stability of the biosensors coated with outer membranes with and without IPM plasticizer was also studied. The biosensor was used once per day every day for the first 30 days and after this every second day. The results presented in Fig. 6 show that the most stable biosensor was the one with the PU outer membrane without any IPM. Note that the second measurement on the first day was used as reference as there was a significant response drift from the first measurement to the second, possibly due to leaching of free enzyme residues and some hydration effect of the sol-gel protein membrane [44] . The response did not drop further with PU even after 70 days. However, the biosensor with PU and plasticizer was stable for only 30 days and then the signal started to decrease progressively reaching 50% after 70 days. When CPVC was used as the outer membrane, stability was significantly lower and at the biosensor without plasticizer the signals started to decrease after 40 days. IPM makes the sensor even less stable than sol-gel without any outer membrane. It is possible that the plasticizers here changed the membrane morphology, e.g. by altering pore geometry [45] , in addition to the effect on the dielectric properties of the polymer phase; this would affect enzyme retention ability. Alternatively it could be an ageing effect of the membrane itself. The lifetime of the biosensor without any outer membrane was 40 days [40] .
The storage stability of the biosensors was at least 5 months when the sensors were kept at +4°C in PBS and at least 1 month under dry conditions at the same temperature for biosensors with outer membranes without plasticizer and 2 months with plasticizers. The membranes began to crack after they had been stored under dry conditions for a longer period of time.
Investigation of interferences
Interference from some organic acids and some other organic compounds, such as fructose and phenol, was in- All conditions as in Fig. 5 vestigated at biosensors with both CPVC and PU outer membranes, without any plasticizer. Most organic acids only interfered at much higher concentrations than glucose (Table 5) . Fructose hardly interferes, but quite a significant interference was found from phenol, which increased the glucose signal. The interferences are lower when a PU membrane is used, except from acetaldehyde. This is possibly related to the higher concentration of PU compared with CPVC so that a more homogeneous PU membrane is formed (see Scanning electron microscopy) which better prevents penetration of an interfering compound. The interferents react with PNR, which easily reacts electrochemically with compounds having carboxylic or alcohol groups [14, 37, 38, 46] . On the other hand, after application of the outer membranes the interferences decreased significantly compared with other biosensors based on PNR mediators [38] , which confirms that these membranes, especially PU, hinder access of interferent to the mediator layer. The much reduced interference also confirms the relatively defect-free PU membranes produced.
Application to natural samples
The biosensors were applied to glucose determination in a commercially available orange drink, which consists of 10% (v/v) natural orange juice and either sugar syrup or a glucose/fructose mixture, or both. Biosensors with both outer membranes (CPVC or PU) were employed for glucose determination in the orange drink by the standard addition method. The sample was diluted 100 times to be within the biosensor linear range. and PU outer membranes, respectively. The PNR/sol-gelGOx/PU biosensor showed a lower value and a higher uncertainty than the PNR/sol-gel-GOx/CPVC one. However, these values are in a good agreement with the value obtained by the spectrophotometric reference method using an enzymatic test kit according to the procedure described elsewhere [47] : 0.214±0.005 M (38.6±0.8 g L −1 ).
Conclusions
The performance of sol-gel-based biosensors was improved by application of an outer protecting polymer membrane, particularly carboxylated PVC and polyurethane. Three types of membrane composition were investigated: polymer without any plasticizer and with two different plasticizers, Aliquat-336 and IPM. These biosensors were first characterised electrochemically, using CV and EIS. Sol-gel and protecting membrane layers decreased the PNR re-oxidation current since they act as diffusion membranes. The membranes decrease interferences significantly, and extend the lifetime of the biosensor to more than 2.5 months, especially in the case when PU without any plasticizer is used as outer membrane. The membranecoated biosensor with PU outer membrane also exhibited higher sensitivity and a lower limit of detection. This biosensor construction, i.e. with sol-gel enzyme layer covered by a polyurethane membrane, is recommended for future studies and applications. All conditions as in Fig. 5 
